The predicted products of floral homeotic genes, A GAMOUS {AG) from Arabidopsis thaliana and DEFICIENS A (DEF A) from Antirrhinum majns, have been shown previously to share strong sequence similarity with transcription factors from humans (SRF) and yeast (MCM1). The conserved sequence between these proteins is localized within a domain known to be necessary for the DNA binding and for the dimerization of SRF. We have isolated six new genes from A. thaliana, AGL1-AGL6, which also have this conserved sequence motif. On the basis of the sequence comparison between the AG and AGL genes, they can be assigned to two subfamilies of a large gene family. RNA dot blot analysis indicates that five of these genes {AGL1, AGL2, AGL4, AGLS, and AGL6) are preferentially expressed in flowers. In addition, in situ RNA hybridization experiments with AGL1 and AGL2 show that their mRNAs are detected in some floral organs but not in others. Our results suggest that these genes may act to control many steps of Arabidopsis floral morphogenesis. In contrast, the AGL3 gene is expressed in vegetative tissues as well as in flowers, suggesting that it functions in a broader range of tissues. We discuss possible roles of this gene family during the evolution of flowers.
A |amily of Arabidopsis transcription factors different from those of ag mutants: The petals are replaced by sepals, and the stamens are replaced by carpellike tissues, while the outer sepals and inner carpels are normal (Sommer et al. 1990 ).
In an effort to gain further understanding of Arabidopsis flower development, we set out to isolate genes that share sequence similarity with AG. Here we report the isolation and characterization of six genes that share substantial sequence similarity with AG and DEF A. They are designated AGL1-AGL6 for AG-like. We present the sequences of the AGL genes and their expression patterns. The possible functions of this large family of regulatory genes in flower development, and its possible role in the evolution of the flower, are discussed.
Results

Isolation of AGL genomic and cDNA clones
The region of amino acid sequence similarity between the AG protein ), the known transcription factors SRF (Norman et al. 1988 ) and MCM1 (Passmore et al. 1988) , and the yeast regulatory protein ARG80 (Dubois et al. 1987 ) is localized within a 56-residue domain (the MADS box) in the amino-terminal region of these proteins. A highly conserved octapeptide, KKAYELSV, is found within the MADS box. A set of degenerate oligonucleotides was generated based on this octapeptide {see Materials and methods}. Low-stringency hybridization of an ArabJdopsis genomic DNA blot with this set of oligonucleotides as probes revealed -20 bands (data not shown). These oligonucleotides were then used to probe a cosmid library (Yanofsky et al. 19901 made from ArabidopMs nuclear DNA, and 46 clones were isolated. Southern blot analysis showed that 12 of the clones hybridized to an AG cDNA clone under moderate stringency (data not shown}. On the basis of patterns of restriction fragments and hybridization with the AG cDNA, we concluded that these 12 clones most likely represent four genes, named AGL1-AGL4. This was confirmed later by DNA sequencing (see below}. Representative cosmids were chosen for further analysis.
AGL1 and AGL2 genomic fragments were used to probe a hgtl0-based cDNA library constructed from Arabidopsis floral poly(A) + RNA {Yanofsky et al. 1990 ).
DNA sequence analysis (see below} revealed that among the cDNA clones isolated with an AGL1 probe {probe 1, Fig. 1B ) there were not only clones for AGL1 but also for AGL2 and for one additional gene, designated AGL5 IFig. 1A). Similarly, AGL2 and AGL4 cDNA clones (Fig. 1A} were isolated with an AGL2 probe {probe 2, Fig. 1B1 . Because these clones hybridize to the AG gene at moderate stringencies, we probed the cDNA library with an AG cDNA at a moderate stringency {see Materials and methods}. Only moderate to weak positives were analyzed; a total of 27 AGL clones, including AGL3 and another 1a) . The AGL1, AGL4, and AGL6 cDNAs each contain a large open reading frame {ORF), as well as 5'-and 3'-nontranslated regions and a poly(A) tail {Figs. 1A, 2-4). Although the eDNA clones for AGL2 and AGL5 do not include poly{A) tails (see Materials and methods), the entire protein-coding regions for these two genes have been identified (Figs. 1A, 2, and 3). The AGL5 eDNA clone does not contain the termination codon for the longest ORF, but comparison of the genomic sequence matching the end of the AGL5 eDNA with the carboxyterminal sequences of AG and AGL1 suggests the probable carboxyl terminus of the AGL5 protein (Fig.2) . The sequence of the amino-terminal portion {including most of the MADS box) of the AGL3 protein (Fig. 5B ) has been deduced from the cDNA sequence {data not shown). Additional AGL3 protein sequence (Fig. 5B ) has been deduced from genomic sequence (data not shown) using the canonical intron donor (GT) and acceptor (AG) sites. The proteins encoded by the AGL genes are small {28.2-28.8 kD calculated molecular mass} and slightly basic, simi- Figure 2 . AGL1 and AGL5 eDNA and deduced protein sequences. The complete coding region of AGL1 is shown, and only the nucleotides in AGL5 that are different from AGLI are shown below the AGLI sequence. The amino acid sequences are shown in boldface. The dashes in both nucleotide and amino acid sequences indicate gaps introduced to allow the best alignment. Where AGL 1 and AGL5 amino acid residues are identical, they are shown once; where they are different, the AGL1 residues are shown above the AGL5 residues. For AGL5, the DNA sequence starting at nucleotide 782 and the last 12 amino acids residues are from genomic sequences. The calculated molecular masses for AGL1 and AGL5 are 28,337 and 28,158 dahons, respectively. The potential phosphorylation sites [RXX(T/S)] and glycosylation sites [NX{T/S}] are underlined. The positions of introns shared by AGL1 and AGL5 are represented by the number ( ) sign above the AGL1 nucleotide sequence; the one intron that is present only in AGL1 is indicated by the dollar ($) sign. The untranslated regions for AGL1 and AGL5 are shown separately, as indicated.
( 1 ) GGATCA 6
( 5 ) GAATTCATCTTCCCATCCTCACTTCTCTTTCTTTC 35
(1 lar to the AG protein ). Table 1 shows the percentages of identical residues between AG and the AGL proteins in different regions. Like AG, the AGL proteins all have the MADS box, as discussed below. ATGGGAAGAGGGAGAGTGGAGATGAAGAGGATAGAGAACAAGATT 148
The regions in the
ATCATCTTCTCAAGCCGTGGCAAGCTCTACGAGTTTGGTAGTGTT 2 83
CAGGAGGTGACAAAGCTTAAATCCAAATACGAATCTCTTGTTCGT 418
GCGACTCGACAG CGCAAGACACAAGTTATGATGGAAGAAATGGAA 553
GACCTTAGGAAAAAGGAGAGGCAACTAGGAGACATAAACAAACAA 598
CAAGACTTATGGGCAAACTCGGCGGCATCGGTGGCCGGGGATCCA 688 ORFs are also highly conserved between AGL2 and AGL4 (36/45 and 17/18 identity for 5' and 3', respectively). However, the nucleotides immediately adjacent to the ATGs of these small ORFs do not match the plant initiation consensus sequence: (A/T)(C/A)AAC-AATGGC (Lfitcke et al. 1987) . The presence of short ORFs upstream of the protein-coding region has been observed previously for other genes in yeast (Hinnebusch 1984; Wemer et al. 1985; Forsburg and Guarente 1989) , in animals (Kozak 1987) , and in plants Schmidt et al. 1990 ). In yeast, it is known that the short ORFs in the GCN4 and CPA1 (Hinnebusch 1988) mRNA are required for proper translational regulation.
Map positions of AGL1, AGL2, and AGL3
As a step toward determining whether the AGLs correspond to any genes identified previously by genetic analysis, we localized AGL1, AGL2, and AGL3 relative to other molecular markers using restriction fragrnent length polymorphisms (RFLPs; Chang et al. 1988) . AGL1 maps on chromosome 3 near the lower end, -0.6 cM from the marker 460 on the RFLP map constructed by Chang et al. (1988) ; AGL2 maps on chromosome 5 about 0.6 cM centromere-proximal from the chalcone synthase gene; and AGL3 maps on chromosome 2 near the upper end, -2.6 cM from the marker 246. From these mapping results, AGL1-3 do not appear to coincide with any gene identified previously by mutations. The AGL4, AGLS, and AGL6 genes did not reveal any RFLPs between the ecotypes used in our crosses, and have not been mapped.
AGL1, AGL2, AGL4, AGL5, and AGL6 are expressed preferen tially in flowers
Because cDNA clones for all six AGL genes have been isolated from a cDNA library constructed from floral poly{A) + RNA, it follows that these genes are expressed in flowers. Their expression pattems were further characterized using RNA dot blot hybridizations. RNAs from immature seed pods, flowers, stems, and leaves were spotted onto nylon filters, and identical filters were probed with each of the labeled 3' portions of AGL1, AGL2, AGL4, AGL5, and AGL6 cDNAs {lacking the sequences encoding the MADS box to minimize cross-hybridization) and the only available AGL3 cDNA (including the sequences encoding the MADS box). As a control, radiolabeled AG cDNA was also used to probe one of the RNA filters. The results (Fig. 6 ) agree with the previous finding ) that AG is expressed in flowers but not in leaves or stems. Five of the AGL genes (except AGL3) are expressed preferentially in flowers, and the expression continues, albeit diminished, in immature seed pods (Fig. 61 . Faint signals were also detected with AGLI and AGL6 in stems, and with AGL2 in leaves. AGL3 is expressed in stems and leaves, as well as in flowers and seed pods ( Fig. 61 . As controls for crosshybridization, in vitro transcripts of the sense orientation from AGL1, AGL2, AGL4, AGL5, and AGL6 cDNA were synthesized and spotted on the same filter strips. No cross-hybridization between any of the AG and the AGL probes and in vitro transcripts was observed under the conditions used {Fig. 6). The approximate levels of AGL expression are slightly lower than that of AG, which was estimated to have an average abundance of 1 in 104 poly(AI + RNA molecules in floral tissues (Yanofsky et al. 19901 . This result agrees with the observed frequency of AGL cDNA clones in the cDNA library.
In situ RNA hybridizations with AGL1 and AGL2
To determine whether these genes are expressed in an organ-specific manner, the expression patterns of AGLI and A GL2 were characterized in more detail by in situ hybridization. AG 51 G14GKIEIKRIENTTNRQVTFCKRRNGLLKKAYELSVLCDAEVALIVFSS14GRLYEY AGLI 17 ******************************************************** AGL5 17 ******************************************************** AGL3 2 ******************************************************** AGL2 2 **'14.********I**********************************N******* AGI4 2 ******************************************************** AGL6 2 ******************************************************** DefA 2 ******************************************************** SRF 142 **V**KMEF*D*KL14*YT**S**KT*IM*******T*TGTQ*L*L*A*ET*HV*TF MCMI 17 ******************************************************** ARGS0 79 T*R*QP*14Y***K*14*H***S***H*IM*********TG*NIL*L[LANS*LV*TF
106 **AS***R**14D******HIV**S***LNF***K*******KG*S*V*** ****--*VA**E****** AGL5 106 *********'14.********************************************--************ AGL2 94 R* Y L* * KGRYENL* RQQ* N* L* * DI,* PLNS* * * EQ**14Q* DG* LKQV* * I *TQY--MLDQLSDL* NK* AGL4 94 14*YL* * KGRYENI,*RQQ* N'L* * DL* PI.NS** * EQ**RQ*DG*LKQV*C [ **QY--MLDQLSDL*GK * AGL6 92 **VT* * KSKYE* I,VR** * N* L** DI,* F.*(;V* * "QA* *RQ* *AAL*AT*QR*TQV--MME*MEDL14" K* AGL3 Tyner et al. 1985) . Two possible helices are indicated by lines above the regions, and the circles (O) above the AG sequence indicate residues at positions a and d in the coiled coil heptapeptide repeat structure (Steinert and Roop 1988) . The plus (+) signs below the keratin sequence represent an identity of the keratin residue to the corresponding residue in at least three of the AG, AGL, and DEF A sequences; the number (#) signs represent similar residues between keratin and at least four of the AG and AGL sequences.
inflorescence sections were hybridized with ass-labeled antisense RNA probes from AGL1 and AGL2 cDNAs.
The 3' portions of the cDNAs lacking the putative DNAbinding domain were used to avoid cross-hybridization.
As shown in Figure 7 , AGL1 is expressed in carpels, particularly in ovules but not in stamens, petals, or sepals.
AGL2 is expressed mainly in carpels; in addition, the AGL2 probe also detects a weak signal in stamens. Within the stamens, the AGL2 signal is restricted to the anthers and is not observed in the filaments. Similar to AGL1, the AGL2 signal in carpels is concentrated in ovules. The expression of AGL1 and AGL2, as detected by in situ hybridization, begins in stage 10 flowers (Smyth et al. 1990 ) after all of the floral organs are recognizable and the ovules are visible. This onset of AGL1 and AGL2 expression is much later than that of AG, which is seen before the separation of petal and stamen primordia from the central floral primordium (G. Drews, J. Bowman, and E.M. Meyerowitz, unpubl.) (Fig. 7 ).
D i s c u s s i o n
AG and the AGLs constitute a gene family
We have identified and characterized six genes from A.
thaliana, designated AGL1-AGL6. The deduced AGL proteins all share striking sequence similarity {Fig. 5) with each other and with the products of the floral homeotic genes AG and DEF A. Sequence analysis indicates that AG and AGLs are members of a diverse gene family. Table 1 shows the percentage of amino acid sequence identity between these deduced proteins in four regions. The most conserved region, the MADS box (M), is located either at or very near the amino terminus in the AGLs. The second conserved domain (the K box; see below), not found in SRF and MCM1, is near the center of the proteins, -3 5 residues from the MADS box. On the basis of sequence comparison, AG, AGL1, and AGL5 can be assigned to one subfamily, and AGL2, AGL4, and AGL6 can be assigned to another subfamily. It is worth noting that the sequence similarity shared between members of the same subfamily is not restricted to the two conserved regions but extends throughout the entire length of the proteins ( Fig. 5; Table 1 ). The subfamily assignment is also supported by the exon-intron struc- The percentages for the MADS box (M, shown in boldface, 56 residues) and the second conserved domain {K, 66 residues except for AGL3, of which only 49 residues are known) are shown above the diagonal (blank spacel; the percentages for the sequences between the two conserved domains (I, 34-36 residues) and the carboxy-terminal regions {C, 78-98 residuesl are shown below the diagonal. Because the AGL3 carboxy-terminal sequence is not known, the percentage of identity could not be calculated. See Fig. 5A for the domain organization of AG and the AGLs. The percentages of the two conserved domains (M and K) for Antirrhinum protein DEF A are also shown.
tures. Fig. 8 ). Low-stringency hybridization of Arabidopsis genomic D N A with degenerate oligonucleotides revealed -2 0 bands, more than accounted for by the seven genes that have been isolated; therefore, it is likely that there are additional members of this gene family in Arabidopsis. We propose that members of this gene family are derived from a single ancestral gene and have arisen by gene duplication and subsequent sequence divergence and intron loss (Fig. 8) .
AGLs likely encode transcription factors
The deduced AG and AGL amino acid sequences, as well as the product of the snapdragon floral homeotic gene DEF A {Sommer et al. 1990}, contain a sequence motif of -5 6 amino acids {the MADS box; see Fig. 5B ) that is also found in the transcription factors SRF (Norman et al. 1988} and MCM1 (Passmore et al. 1988} . A region of -9 0 residues containing the MADS box is known to be sufficient for D N A binding and is involved in dimerization of SRF {Hayes et al. 1987; Norman et al. 1988} . Recent evidence (Tan and Richmond 1990} suggests that the yeast MCM1 MADS box is also sufficient for specific D N A binding. The h u m a n SRF is involved in the regulation of the proto-oncogene c-los (Treisman 1986, 19871 and a sarcomeric actin gene (Boxer et al. 1989) . The yeast MCM1 gene product (GRM/PRTFI regulates mating type-specific gene expression (Herskowitz 1990} . The phenotypes of Arabidopsis ag mutants (Bowman et al. 19891 and Antirrhinum defA mutants (Sommer et al. 1990 ) suggest that these genes play regulatory roles in specifying the identity of floral organs. The fact that the AGL proteins also contain the MADS box suggests that they are also transcription factors, possibly regulating floral morphogenesis. The AGL proteins may function in different floral cells, controlling branches of the floral morphogenesis regulatory hierarchy. Alternatively, they may function at different times, directing different stages of flower development. Although all of the AGL proteins are probably transcription factors, their expression patterns (see belowl suggest they control different sets of genes. In addition to the MADS box, the AG and AGL proteins share a second domain, which has a low but significant similarity to a portion of keratin sequences (the K 
, and GPA1. GPA1 is expressed in both floral and vegetative tissues (Ma et al. 19901 . Similar amounts of radioactivity were used in all of the hybridizations. A single autoradiographic exposure was used. box; Fig. 5C ). Keratins are major components of intermediate filaments (Steinert and Roop 1988) . It is known that the region of keratin with similarity to AG and AGL proteins is part of the coiled coil sequence that forms the central rod-shaped domain of keratin (Fig. 5C ). The AGL sequences in this domain can potentially form two amphipathic helices.
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Phosphorylation and glycosylation may modulate the activity of AGLs
SRF (Prywes et al. 1988; Ryan et al. 1989 ) is known to be phosphorylated. Furthermore, the phosphorylation of SRF has been shown to affect its activity (Prywes et al. 1988) . Other transcription factors have been suggested to be regulated by phosphorylation, such as the yeast heat shock factor (Sorger and Pelham 1988) and GAL4 protein (Mylin et al. 1989) . The difference between the apparent size (Tan and Richmond 1990) and sequence-derived size (Passmore et al. 1988 ) of the MCM1 protein suggests that it is also post-translationally modified. There is a conserved potential site (RQVT; Fig. 5C ) for calmodulindependent phosphorylation [RXX(S/T); see Cohen 1988] (Smyth et al. 1990 ). Later in development, AG is expressed in both carpels and stamens, including anthers and filaments (G. Drews, J. Bowman, and E.M. Meyerowitz, unpubl.) . The onset of AGL1 and AGL2 expression is at stage 10, much later than that of AG. In addition, AGL1 is expressed preferentially in carpels, not in stamens, petals, or sepals. The AGL2 signal is found primarily in carpels and is lower in stamens. In carpels, the expression of both AGLI and AGL2 is concentrated in ovules. Although A GL2 and A G are both expressed in the stamens, AGL2 mRNA is found only in the anthers, not in the filaments. These expression patterns suggest that AGL1 and AGL2 may regulate different genes from those that are controlled by AG. The fact that AGL1 and AGL2 share amino acid similarity with transcription factors, and that they are expressed in ovules suggest that they are both involved in regulating ovule development. The flower-specific expression of the AG, AGL, and DEF A genes suggests that the MAIDS box has been used repeatedly for flower development. On the other hand, because AGL3 RNA is expressed in vegetative tissues as well as floral tissues, it is likely that this class of transcription factors is not exclusive to flower development. Flowering plants appeared suddenly and very recently in evolution at -140 million years ago (Lower Cretaceous). Some have suggested that floral organs are modified leaves, through a series of structural and functional changes during evolution (Stebbins 1976) . In fact, the combination of mutations in three Arabidopsis homeotic genes, AG, APETALA2, and APETALA3, leads to "flowers" consisting of only leaf-like organs (J. Bowman, D.R. Smyth and E.M. Meyerowitz, in press ). The presence of MADS-box containing genes in yeast, plants, and humans argues that this class of genes predates flowering plants. Therefore, it is likely that MADS-box regulatory gene or genes was present and functioning when flowers arose. Furthermore, during the evolution of flower structures, it is possible that these genes were duplicated, and some members diverged to take on new functions in floral morphogenesis, either interacting with different proteins, or binding to DNA with slightly different specificities. The family of genes described here includes at least one member (AGL3) that is expressed in both vegetative and floral tissues, presumably fulfilling a more widespread function. Additional members (AG, AGL1, AGL2, AGL4, AGLS, and AGL6 and possibly others) of this gene family, presumably arisen by gene duplications, and have evolved to be preferentially expressed in flowers. At least two members of this gene family (AG from Arat~-dopsis and DEF A from Antirrhmum) are known to control flower development based on genetic analyses Sommer et al. 1990 ). Future analyses are required to test our hypotheses about the function of the other MADS box genes.
Materials and methods
Library screening, clones, and subclones
A genomic cosmid library ) made from nuclear DNA of A. thaliana {Landsberg erecta) was screened with radiolabeled degenerate oligonucleotides according to previously published procedures (Biirglin et al. 1989 ). The oligonucleotides 5'-ACNGANAGYTCUTANGCYTI'YTT-3'{N = A, G, C or T; U = A or G; Y = C or T) are based on the conserved heptapeptide KKAYELSV in the MAIDS box ). More than 70 positives were detected among colonies of four genomes worth, and cosmid DNA of 46 of the positives were purified. Additional screening of the cosmid library with AGL2 and AGL5 cDNAs was done as described previously for hybridization of genomic DNA (Chang et al. 1988) . Representative cosmids were characterized further: AGLI, pCIT1202 and pCIT1210; AGL2, pCIT1243; AGL3, pCIT1216; AGL4, pCIT1247 and pCIT4244; and AGLS, pCIT4243. AGL6 cosmids have not yet been isolated. Portions of the cosmids pCIT1202, 1243, 4244, and 4243 are shown in Figure lB .
About 1 x 106 plaques of a cDNA library constructed from floral bud poly(A) + RNA ) were screened at a moderate stringency (as described previously by Chang et al. 1988 , except that the hybridization and washes were done with 5x SSPE at 52°C) with a 977-bp AG eDNA EcoRI fragment (pCITS65) as a probe. The eDNA library was also screened at high stringency (65°C hybridization and a final wash with 0.2 x SSPE) with several probes (Fig. 1BJ : probe 1, a 1.1-kb DraI AGL1 genomic fragment {from pCIT1202); probe 2, a 0.36-kb BglII A GL2 genomic fragment (from pCIT 1243). During the construction of the cDNA library, cDNAs with internal EcoRI site(s) were cleaved and then ligated into separate vector molecules. The AGL1, AGL2, AGL3, AGL4, and AGL5 cDNAs all contain at least one EcoRI site, therefore, each of the cDNA had to be isolated as two or more separate fragments. The 3' portions of AGL3 and AGL5 cDNAs have not yet been isolated. The portions encoding the amino terminus containing the conserved DNA-binding domain {Fig. 1A) were isolated first. The portions of the cDNAs encoding the carboxy-terminal half for AGL1, AGL2, and AGL4 {Fig. 1A) were isolated subsequently using the respective gene-specific genomic probes {probes 3-5, Fig. 1BI : probe 3 (AGL1), a 0.41-kb EcoRI-BglII and 0.79-kb BglII fragments Ifrom pCIT1202b probe 4 IAGL2), a 2.0-kb HindIII fragment {from pCIT1243); and probe 5 (AGL4}, a 1.0-kb EcoRIBgllI fragment jfrom pCIT4244). The AGL1, AGL2, and AGL4 genomic sequences were determined, and each agrees with the corresponding cDNA sequences on both sides of the EcoRI sites. Furthermore, additional AGL6 cDNA clones were isolated using the first cDNA clone (pCIT3209) as a probe. The following cDNAs are shown in Figure 1A : AGL1, pCIT2241(5') and 4219 {3'); AGL2, pCIT3228 (5'} and 4221 {3'); AGL3, pCIT2280 (5'); AGL4, pCIT3227 (5') and 4233 (3'J; AGLS, pCIT2242 (5'); and AGL6, pCIT3209. In addition, pCIT3216 is identical to pCIT2242; pCIT2299 {lacking the MADS box) is a subclone of pCIT2242 containing a region 3' of the ScaI site {Fig. lAb pCIT4210 {lacking the MADS box) contains a portion of an AGL6 cDNA 3' of the XhoI site (Fig. 1A) ; and pCIT4214 is the same as pGIT4233 except at the 3' end where pCIT4214 lack 23 nucleotides and the poly(A) tail.
DNA sequencing and RFLP analysis
Genomic and eDNA fragments were subcloned into pGEM3Zf( + ) and pGEM7Zf{ + ) vectors (Promega) for sequencing. Sequencing was done using the Sequenase Kit (U.S. Biochemical} according to the provided protocol. Both strands were sequenced, unless otherwise noted.
RFLP mapping was done as described by Chang et al. (1988) .
For AGLI, a 1.8-kb BgllI fragment from cosmid clone pCIT1210 was found to reveal a BglII polymorphism between the Columbia and Niederzenz ecotypes of Arabiclopsis, and it was used to probe filters carrying DNAs from one of the crosses used to generate a RFLP map (Chang et al. 1988) . Similarly, a -13-kb EcoRI fragment from AGL2 cosmid pCIT1243 revealed an EcoRI polymorphism between Columbia and Niederzenz ecotypes and was used to probe filters from the same cross. Additional hybridization of filters with DNAs from a cross between Columbia and Niederzenz (XbaI polymorphism) and a cross between Landsberg and Niederzenz (BglII polymorphism; Chang et al. 1988) were performed using an AGL2 BglII-EcoRI fragment {subclone pCIT1273 from cosmid pCIT1243} as a probe. For AGL3, a subclone (pCIT1291)with a -7-kb BglII fragment from cosmid pCIT1216 uncovered an XbaI polymorphism between Columbia and Niederzenz ecotypes and a BglII polymorphism between Landsberg and Niederzenz ecotypes and was used to probe appropriate filters. The data from DNA blot hybridization experiments were analyzed using the MAP-MAKER computer program {Lander et al. 1987) to obtain linkage information with respect to existing markers on the RFLP map (Chang et al. 1988) .
RNA analyses
PolylAI + RNA was isolated from developing seed pods {3--5 days after pollination}, floral buds Istages 1-12, Smyth et al. 19901, floral stems, and leaves, according to procedures described previously {Crawford et al. 19861. For RNA dot blot analysis, 15 ~g of total RNA from each of the four tissues was spotted onto a nylon filter (Hybond N, Amershaml, and hybridized with AG and AGL cDNAs labeled with a2p using random priming methods. In addition, one filter was probed with labeled cDNA of the GPA1 gene, which is expressed in stems and leaves, as well as in flowers {Ma et al. 1990 I. The following plasmids {see Fig. 1A ; unless otherwise noted, the entire insert was used} were used for see Ma et al. 1990 ). To avoid cross-hybridization, the probes for AGL1, AGL2, AGLa--AGL6
correspond to carboxy-terminal portion of the proteins {less conserved) and 3' nontranslated regions. Hybridizations were done as before . 40 pg {about the amount of AG mRNA present in the total flower RNA) of in vitro synthesized RNA from AGL cDNAs {except AGL3J were also spotted on the same filters. The following cDNAs {see Fig. 1A} were used to synthesize RNA with the respective polymerase:
pCIT4219 {AGL1, T7}, pCIT4221 (AGL2, SP61, pCIT4214 (AGL4, T7), pCIT3216 {AGL5, SP6) and pCIT3209 {AGL6, T7).
The plasmids were linearized so that only the inserts were used as templates for RNA synthesis. In situ analysis was performed according to a previously described procedure {Barker et al. 1988; G. Drews, J. Bowman, and E.M. Meyerowitz, unpubl.) . Inflorescences with young buds {stages 1-12; Bowman et al. 1989 ; Smyth et al. 1990 ) and flowers before pollination were fixed, embedded, and sectioned. The sections were hybridized with asS-labeled RNA probes complementary to AGL mRNAs. The plasmids pCIT4219 (SP6, XhoI) and pCIT4221 (T7, NdeI) ( Fig. 1AJ were used for AGLI and AGL2 probes, respectively.
